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Abstract 
In this paper we present the results metallographic examination of Zry-4 used in the manufacture of miniplates. The 
metallographic characterization was performed in order to know the microstructures and microhardness of thereof. These 
analysis have been carried out for different stages of hot co-rolling, and have been analyzed changes produced in the welding 
process (method: TIG) to determine in the miniplate if the temperature generated in this stage of manufacture  produce changes 
in the microstructure and microhardness in different areas, from edge to core 
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1. Introduction 
Nomenclature 
RERTR  Reduced Enrichment for Research and Test Reactors   
HEU  Highly Enriched Uranium 
LEU  Low Enriched Uranium  
GTRIInitiative for Global Threat Reduction 
CNEA   National Commission of Atomic Energy 
RA-3     Argentine Reactor 3 
RA-6     Argentine Reactor 6 
MTR     Material Test Reactor 
Zry-4    Zircaloy-4 
U-Mo   Uranium-Molybdenum 
TIG      Tungsten Inert Gas 
HAZHeat Affected Zone 
RRFM  Research Reactor Fuel Management 
VHDF Very High Density Fuel 
 
Since 1978 the U.S. has driven the programRERTR, whose goal is the conversion of the core of this type of 
reactors that use HEU(90% in the isotope 235U) to LEU (below 20% of 235U). 
It was strengthened since 2003 by the GTRI to meet reduced enrichment (HEU to LEU) should investigate and 
develop compounds and/or uranium alloys having higher density to meet the decline of the isotope 235U. 
CNEA has adhered to both programs timely, carrying out research and development on high-density fuels and 
lowenriched, in addition to reduced enrichment of the reactors RA-3 and RA-6. The first of them used uranium 
oxide as nuclear fuel (U3O8), while the second uses uranium silicide, both LEU. 
Since 1998 the CNEA has been conducting research and development on high-density fuels and low-enriched, to 
be used in experimental reactors and the type Radioisotope Production MTR. The reason why we study these types 
of fuels emerges from the need to reduce the enrichment of uranium compound used as fuel, as 235U isotope below 
20%. The compound used in this case is anuranium-molybdenum alloy (U-Mo). 
To continue to carry out this task, National Commission of Atomic Energy (CNEA – Argentine), in 2006 has 
generated a special project, the "Very High Density Fuels" (Spanish acronym CMAD), which is responsible for 
research and development of these types of nuclear fuels and related tasks. Specifically in the development of these 
fuels, We are working in making miniplates, task prior to the manufacture of fuel plates, using as coating material 
the alloy, known as Zry-4 for cover and frame, and core the alloy is uranium-molybdenum (U-Mo). 
The alloy Zry-4 is widely known in the nuclear industry because of their low efficiency of neutron capture section 
and its excellent mechanical properties and corrosion resistance. The miniplate is a set of two covers and one 
framework of Zry-4 and U-Mo core, which is welded and then subjected to the process of hot co-rolling. 
It is known that the mechanical properties depend strongly on the microstructure of the material and this in turn 
heat treatments. It was then decided to evaluate the variation of the microstructure and microhardness Zry-4 in the 
co-rolling steps carried out at T = 650 ° C (temperature selected for making miniplates), as well as the welding 
process. 
This analysis was made for different stages of co-rolling, as well as to analyze the changes in the welding process 
of miniplates (method TIG), in order to determine whether the temperature increase generated in this stage 
manufacturing, arrives affect core unwanted effect, for this reason is that the above mentioned analysis carried out in 
different areas, from the edge of the miniplate to the core. 
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2.Methodology 
 
The metallographic study object of this work was carried out following the techniques recommended by the 
following rules: a) For the preparation of the sample, using the ASTM E-3, b) for the development of the 
microstructure ASTM E-407, c) and ASTM E-384 for Vickers microhardness testing. For these studies we have used 
the following instrumentals: Vickers Microhardness Brand Metallographic Microscope Leica and Olympus. 
The laminations of strip Zry-4 used for the manufacture of covers and frames and miniplate co-lamination was 
carried out at 650 ° C. 
The strip was laminated from 8mm to 2.4 mm in 10 steps with an average reduction of 11% in each stage. Then it 
was laminated from 2.4 mm to 1.1 mm in 4 stages with an average reduction of 18% in each stage. The co-
lamination of the miniplates was conducted in 15 stages in total with an average reduction of 15%. 
Metallographic examination of the strip of Zircaloy 4 and the miniplate were performed through the control of the 
microstructure and the measurement of microhardness. 
 
3. Experimental Results 
 
3.1. Microstructure analysis strip Zry-4 
 
Examined the microstructure of the strip used to manufacture the frame and the covers. 
Figure 1 shows a photograph of samples of 8mm strip starting 
 
 
Fig. 1. Photography strip samples Zry-4 8 mm 
 
 
A1 is tail rolling (not used) A2 shows the tail away from the lamination, the arrows indicate the direction of 
lamination. 
Figure 2 shows the grain structure of the sample A2, area used for manufacture of covers and frames. 
 
 
Fig. 2. Strip microstructure 8 mm 
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We can see the grains elongated oriented in the rolling direction. 
Figure 3 is a photograph of the samples of laminated strips from 8 mm to 2.4 mm. 
The lamination was carried out in 10 passes with an average reduction of 11% and a stay in the oven for 15 
minutes each pass. 
 
.  
Fig. 3. Rolled strip up to 2.4 mm 
 
Figure 4 shows a homogeneous structure throughout the sample oriented in the direction of lamination. 
 
 
Fig. 4. Microstructure rolled strip up to 2.4 mm 
 
Photograph can be observed in Figure 5 (a) and (b) shows the microstructure of the samples rolled strip of 2.4 
mm to 1.1 mm, used in the manufacture of the frame.In this case, lamination was conducted in four stages with a 15 
minute residence. 
 
 
Fig. 5.(a) Laminate sample 1.1 mm; (b) Microstructure of rolled strip up to 1.1 mm 
 
 
 
As in the previous samples, the grain structure is homogeneous, oriented in the direction of lamination. 
Table 1 shows the microhardness values of each of the three samples. 
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Table 1.Microhardness of the three samples 
STRIP Zry-4 Microhardness (Hv) 
8,0 mm 258 
8,0  mm-2,4 mm 241 
2,4 mm - 1,1 mm 225 
 
3.2. Microstructure analysis of miniplate 
 
Miniplate studied in one hand as it affects the microstructure of Zry-4 miniplate in the welding process due to the 
temperature rise and the absorption of impurities in the air, and secondly as affects in the stages rolling. 
Figure 6 shows a photograph of the miniplate uncoated sample on which evaluated the effect on the 
microstructure in the welding process. 
 
Fig. 6. Photography miniplate uncoated sample 
 
Figure 7 shows the structure outside of the HAZ called base material. The equiaxial grains are homogeneous, 
while Figure 8 shows the microstructure of the HAZ, reaching the same 2.5 mm measured from the end of the 
miniplate towards the center, also noting the structure is changing from a material structure phase-based equiaxial α 
grain acicular a basket type structure with deformation twins to the edge of the weld.During welding the material is 
heated to melting temperatures, wherein the base material passes from a granular structure of α-phase to β-phase and 
then into liquid. Once the material is cooled, the welded zone exhibits a granular structure acicular "needle-like" α 
grain surrounded with a primary β phase grain boundaries, is also α widmanstätten structure. 
 
 
Fig. 7 Microstructure of the HAZ 
 
 
Fig. 8. Microstructure of the HAZ 
 
3.3. Evaluation of microstructure on the rolling steps 
 
The miniplate was laminate from an initial thickness of 6.5 mm to a final thickness of 1.1 mm. Figure 9 shows the 
microstructure of the miniplate co-laminated a thickness of 2.7 mm, which shows a microstructure varied from a 
Towards the end of the miniplate 
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base material structure of the α-phase of equiaxial grains, to a HAZ, a change gradual structural to the edge 
laminated miniplate soldier with a typical cast structure. 
 
 
Fig. 9. Microstructure of rolled to 2.7 mm Miniplate 
 
In Figure 10 and 11 we observe the microstructure having the miniplate rolled from 2.7 mm to 2.4 mm. Like the 
previous sample microstructure is observed varied from a base material structure of α-phase of equiaxed grains, to a 
HAZ gradual structural change, to the edge miniplate soldier a typical laminated structure casting. But the difference 
with the previous sample is that the cord is cracked at the edges more and more deformed structure is observed in the 
rolling direction. 
 
 
Fig. 10: Microstructure of rolled to 2.4 mm miniplate 
 
 
 
Fig. 11. Microstructure of welded edge 
Base Material 
structure of the 
Base Material 
edgestructure (debonding) detail of changing the weld structure 
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In this case the tip is observed miniplate brazed. All welded area exhibit a very distorted and fissured structure of 
α-phase grains surrounded primary β phase grain edge, seems to have completely lost acicular grain structure 
"needle-like, this is caused by the large deformation suffered by laminating the sample. 
 
3.4.Microhardness evaluation of the lamination steps 
 
Evaluation was performed on the samples microhardness corresponding to different lamination steps. In Figures 
12 (a) and (b),13 (a) and (b) , represents the variation of the microhardness of the miniplate samples: uncoated and 
2.7 mm thickness 2.4 mm and 1.1 mm respectively. 
 
 
Fig. 12.(a) Miniplate microhardness;(b)Microhardness of miniplate 
 
Fig.13 (a) Microhardness; (b)Microhardness miniplate the miniplate 
 
As shown in the graphs the HAZ, in the welding process has a higher microhardness. 
Furthermore, as the steps are performed microhardness laminations in each sample are homogenized and tending 
to go down them. 
 
4.Conclusions 
 
Grain size was not significantly different in the lamination steps, both in starting material (strip of Zry-4) used in 
the manufacture of covers and frames, as well also in the samples corresponding to the miniplate because at no time 
has passed the transition temperature of the material allotropic change . 
Regarding the samples of the miniplates in the lamination steps, relative to the variation of microhardness, there 
is a greater value in the HAZ, which tends to homogenize the end of the lamination as shown in Figure 4. 
It is important that the soldering process will performed with shielding gas in a controlled atmosphere, as the  
Zry-4 as the materials of titanium and niobium are eager of contamination for the components air gases. 
It is advisable to weld with heat sink to decrease the effects of temperature increase produced during this process. 
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